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Role of the medullary collecting duct in potassium excretion in potassi-
urn-adapted animals. Previous studies have demonstrated that the rate
of urinary potassium excretion is markedly greater in animals fed a high
potassium diet than in animals on a control diet before and during the
acute infusion of potassium salts. Because the contribution of the
medullary collecting duct to urinary potassium under these conditions
has not been determined. microcatheterization studies were performed
to elucidate the role of that nephron segment in regulating potassium
excretion in controls and in animals on a potassium-enriched diet.
Although there was no evidence of net transport of potassium by the
medullary collecting duct in control animals under basal conditions, net
secretion of potassium by that nephron segment accounted for nearly
one half of the increased rate of urinary excretion in animals fed a high
potassium diet. During acute infusion of potassium salts, potassium
secretion by the medullary portion of the collecting duct contributed
approximately one half of the potassium in the final urine samples in
both controls and animals fed a high potassium diet. Because the rate of
urinary excretion was twofold greater in experimental animals during
acute potassium loading, absolute potassium secretion in medullary
collecting duct was twice the control rate in animals adapted to a high
potassium dietary intake. These data demonstrate, therefore, that the
medullary collecting duct plays an important role in regulating the
excretion of potassium when the excretory load is either acutely or
chronically increased.
Role du canal collecteur médullaire dans l'excrétion de potassium chez
les anirnaux adaptés au potassium. Des travaux antdrieurs ont montré
que Ic debit urinaire d'excrétion de potassium est beaucoup plus grand
chez les animaux qui recoivent une alimentation riche en potassium que
chez ceux qui recoivent une ahimentation contrôle, cela avant et
pendant Ia perfusion aigue de sels de potassium. Du fait que Ia
contribution du canal collecteur médullaire au potassium urinaire dans
ces conditions n'a pas Cté déterminde, des microcathCténisations ont été
réalisées pour élucider le role de cc segment dans Ia regulation de
l'excrétion de potassium chez des contrOles et des animaux soumis a
une alimentation riche en potassium. Alors qu'il ny a pas d'argument
en faveur d'un transport net de potassium par le canal collecteur
rnédullaire chez les animaux a l'état basal, une sécrétion nette de
potassium par cc segment rend compte de prds de Ia moitiC de
l'augmentation de l'excrétion urinaire chez les animaux qui recoivent
une alimentation riche en potassium. Au cours de Ia perfusion aiguë de
sels de potassium Ia sécrétion par cc segment mCdullaire du canal
collecteur représente approximativement Ia moitié de l'excrétion de
potassium dans l'urine finale aussi bien chez les animaux contrôles que
ceux qui recoivent une alimentation niche en potassium. Du fait que Ic
debit d'excrétion urinaire est deux fois plus grand au cours de Ia charge
en potassium chez les animaux adaptes. le sécrétion dans Ic canal
collecteur médullaire est deux fois plus grande chez ces mCmes
animaux. Ces résultats démontrent done que Ic canal collecteur mddul-
laire joue un rOle important dans Ia regulation de l'excrCtion de
potassium quand Ia charge a excréter est augmentée, que cc soit de
facon aiguë ou chronique.
Chronic potassium loading in mammals results in a renal
adaptive change to increase the rate of urinary potassium
excretion. Renal potassium adaptation is characterized by both
high rates of basal excretion and an increased ability of the
kidney to excrete potassium during acute infusion of potassium
salts [1]. The latter property is regarded as the hallmark of
potassium adaptation. Because nearly 90% of filtered potassium
is reabsorbed in the proximal tubule and the loop of Henle,
alterations in whole kidney excretory rates reflect changes in
net transport of potassium in the distal tubule and collecting
duct system [21. The role of each of these segments of the distal
nephron in potassium secretion by control and potassium-
adapted animals has been the subject of a number of studies.
Micropuncture analysis of superficial nephrons has demon-
strated potassium secretion in the distal tubule of coitrol
animals during hydropenia and an increased rate of secretion
during the infusion of potassium salts [21. During acute potassi-
um infusion in rats pretreated with a high potassium diet., the
rate of secretion of potassium in the distal tubule increased
above control [3]. The contribution of the collecting duct
system to urinary potassium, however, is less well defined.
The comparison of rates of fractional delivery of potassium
under various physiologic conditions between late distal tubule
and final urine has revealed varying degrees of contribution by
the collecting duct system, ranging from net absorption [4] to
low [5, 61 and high rates of potassium secretion [7, 81. Although
net secretion by potassium by the rabbit cortical collecting duct
has been demonstrated in vitro [91, and both net absorption and
secretion have been demonstrated in the terminal, or papillary,
portion of the collecting duct in vivo [10, III, these studies have
not provided an estimate of the relative contribution of the
medullary collecting duct, as a whole, to final urinary potassi-
um.
Several recent studies using the microcathetenization tech-
nique have evaluated net movement of potassium along the
length of the medullary collecting duct in animals fed a normal
potassium intake. In these reports, either net movement was
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not demonstrable, due to lack of correlation between fractional
delivery and length [12] or net secretion accounted for approxi-
mately 50% of urinary potassium 1131. Potassium transport has
not been examined by this technique in either control or
potassium-adapted animals after tubular secretion of potassium
is stimulated by inducing acute hyperkalemia. The present
study was therefore performed to elucidate the role of the
medullary collecting duct in modifying the rate of urinary
potassium excretion in animals fed a regular diet and potassium-
adapted animals after body stores were acutely increased by the
infusion of potassiumn chloride.
Methods
Adult male albino Sprague-Dawley rats (Portage Farms,
Portage, Michigan), each weighing between 180 and 350 g and
having free access to food and tap waler at all times, were
divided into four groups. Groups I and 2 were fed a normal diet
containing 0.13 mEq of potassium and 0.10 mEq of sodium per
gram, as previously described [I]. Groups 3 and 4 (potassium-
adapted rats) were fed the same diet mixture with potassium
chloride added to provide 2.6 mEq of potassium per gram of
food, 20 times the normal amount. Previous work in our
laboratory demonstrated that groups 1 and 2 consume 2 to 2.6
mEq of potassium per day, and groups 3 and 4 consume 35 to 50
mEq of potassium per day [1]. All rats were fed their respective
diets for 10 to 21 days prior to study.
Anesthesia was induced with mactin in a dose of 100 to 120
mg/kg of body wt. A tracheostomy was performed, and cannu-
las (PE-50 tubing) were placed in both jugular veins for infusion
and into one carotid artery for blood sampling. Body tempera-
ture was maintained at 370 C by placing the animal upon a
heated board, and the left kidney was exposed and placed in a
plastic (Lucite) cup. Dessication of the surface of the kidney
was prevented by covering the kidney with cotton soaked in
mineral oil. The method described by Jarausch and Ullrich [141
and modified by Sonnenherg [121 was used for microcatheteri-
zation of the collecting duct. The left ureter was dissected free
of adherent tissue and cannulated with tapered PE-50 tubing.
The papilla of the left kidney was exposed through a flap
excised on the dorsal aspect of the ureter near the renal hilum.
thus creating a well. Urine was collected, under suction, from
the ureteral catheter, the tip of which was placed in the well
near the papilla. The transit time of fluid in the proximal
convolution was determined after completion of the surgical
preparation, following the i,v. injection of a 0.05-cc bolus of
lissamine green (5% in water). Animals were discarded if the
transit time was longer than 12 sec.
Surgical fluid losses were replaced with 0.15 M sodium
chloride equivalent to 2% of the body weight. After an injection
of a priming dose of 30 p.Ci of methoxy-3H-inulin, a mainte-
nance solution, containing 30 pCi of methoxy-3H-inulin per
milliliter, was infused at the rate of 0,02 mI/mm. The mainte-
nance solution consisted of 0.15 M sodium chloride in groups I
and 3, whereas a 0.5 M potassium chloride solution was used for
groups 2 and 4. The experimental design, therefore, included
the following groups:
Group Diet Acute infusion
Normal 0.15 M NaCl
2 Normal 0.50 M NaCI
3 High K 0.15 M NaCl
4 High K 0.50 M NaCI
To reduce the variability in papillary water movement, argi-
nine vasopressin (Parke-Davis) in a concentration of 2.5 mU/mi
was added to the infusate in each group, This dose has been
demonstrated to cause maximal physiologic response in the rat
[15]. After an equilibration period of 45 to 60 mm following
exposure of the papilla. three to six 30-mm urine collections
were obtained and analyzed for methoxy-3H-inulin and the
concentration of sodium and potassium, and osmolality. After
the last collection period, the proximal transit time was again
determined to assess preservation of renal function, and was 12
sec or less in all animals used in this analysis.
Microcatheters with a tip O.D. of 20 to 50 p., and approxi-
mately 1.0 cm in length, were pulled from PE-90 tubing,
mounted with Urethane Bond (Dow Corning) onto capillary
glass tubing (O.D., 1 mm), and held within an oil sleeve that was
mounted on a Leitz manipulator as described by Sonnenberg
[12]. At the start of the experiment, a map of the openings of the
ducts of Bellini on the papillary surface was made by observing
the sites of appearance of lissamine green dye, The microcath-
eter was advanced into a preselected duct until it was gently
wedged and was then withdrawn slightly to prevent occlusion of
the duct lumen. Fluid samples entered the microcatheter during
the application of negative pressure adjusted to a level that was
predetermined to just overcome the resistance within the cathe-
ter to the flow of water. This pressure averaged 25 5 mm Hg
and was regulated by a mercury manometer. Collecting duct
fluid (30 to 100 nl) was collected over 1 to 20 mm depending on
the site of collection. At the end of collection, the catheter was
withdrawn, and the distance of penetration into the medulla was
measured with a machinist's clockgauge attached to the exten-
sion arm of the micromanipulator. The sample was expelled and
stored under oil. Within 10 mm of the termination of each
collection, a paired sample was collected from a site within
1 mm of the orifice of the same duct of Bellini. Four to twelve
paired samples were obtained from each animal, and each pair
was obtained from a separate duct. Samples of collecting duct
fluid contaminated with blood were discarded, and the same
duct was not reentered. A sample of arterial blood (250 p.1) was
drawn into a heparinized capillary tube at the start of each
collection of collecting duct fluid and at the mid-point of each
clearance period, and it was analyzed for methoxy-3H-inulin,
and sodium and potassium concentration. Blood withdrawn
was replaced with an equal volume of isotonic saline, To test
whether the collection of tubular fluid altered the transport of
water and ions in more proximal portions of the nephron and to
assess the variability of the method, we performed a further set
of experiments in control animals during infusion of potassium
chloride (group 2) in which a collection of tubular fluid was
obtained from the same collecting duct system before and
immediately after a collection of ureteral well urine. The
position of the catheter tip was estimated from the measured
depth of insertion,
At the conclusion of the experiment, kidneys were dissected
free and weighed. A saggital section was made through the left
kidney, and the medullary zones, as defined by Peter [16], were
identified and measured. In freshly cut kidneys, the boundary
between the inner and outer medullary stripes for the outer
medulla was easily visible, but the demarcation between the
cortex and the outer stripe, the true corticomedullay junction
was found to be indeterminant.
To determine the width of the outer stripe, we performed
additional experiments in 11 rats, After the intraarterial mice-
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tion of Pelican ink (Verden) to stain glomeruli. the parenchyma
of the left kidney was cleared through serial substitution in
alcohol and methylsalicylate. The ratio of the width of the outer
stripe in the cleared kidney and the distance between the
boundary separating the inner and outer stripes and kidney
surface was determined and found to be 0.37 (sEM) 0.03.
Total medullary length in each animal was calculated as the
measured distance from the papillary tip to and including the
inner stripe plus 37% of the remaining distance to the surface cf
the kidney. In these experiments, the average width of the
cortex as 2.6 0.07 mm, and the lengths of the outer and inner
medullary collecting ducts were 1.9 0.1 and 5.3 0.2 mm.
respectively, in animals with a body wt of 254 16 g and a
kidney wt of 1.1 0.04g.
Five nanoliters of collecting duct fluid were diluted 1:20 in 0
m cesium nitrate and 5 mrt ammonium phosphate and ana-
lyzed for sodium and potassium concentration on a helium glow
photometer (Aminco, American Instrument Corp.). To deter-
mine the accuracy of the micromethod for measuring each ion
in collecting duct fluid, we determined the concentration of
sodium and potassium in water (Standards) and urine concomi-
tantly with the Aminco helium glow photometer and with a IL
flame photometer with an internal standard. They agreed within
5%. The concentration of sodium and potassium in blood and
urine was determined on a flame photometer (IL model 143).
The activity of methoxy-3H-inulin in collecting duct fluid, urine,
and blood was determined on a Packard Tri-Carb liquid scintil-
lation counter.
Comparison of plasma values and whole kidney function
between groups was analyzed for statistical significance by
means of the Student's t test, whereas data obtained in individ-
ual animals was analyzed by means of paired t analysis. To
determine net movement of potassium along the medullary
collecting duct, we used the following two methods:
(1) Because samples of tubular fluid were collected as paired
samples from a site in the medullary collecting duct and the duct
of Bellini, the difference in fractional delivery of potassium
between sites for each pair of collections was calculated as
LTF/P [K/In]
where x represents the fraction of the total medullary collect-
ing duct length separating the sites of collection. This value,
therefore, represents net potassium movement as a function of
tubular length. To test whether the proportions of samples in
which net secretion or absorption occurred were equal, we
compared the slopes of individual paired samples to zero by the
x2 test on 10 of freedom.
(2) The relationship between fractional delivery of potassium
as a function of tubular length was also estimated from the
pooled data in each group using linear regression analysis [171.
Comparison between slopes was determined by means of the
test for comparison of slopes and the Y intercepts, by inclusion
of overlap of the 95% confidence limits. Because these studies
were designed to determine the relative contribution of the
medullary collecting duct to urinary potassium, net potassium
movement was expressed from the pooled data as
K/In [TF/PJxFEK TF/orifice = K/In [1 F/Pjoriflce
where x is the proximal site in the medullary collecting duct and
the value FEK TF/oriflce represents the fraction of potassium
present at site x relative to the final urine (orifice sample). A
ratio less than I at site x indicates net addition of pota:ssium
between site x and the duct of Bellini, whereas a ratio greater
than I indicates net absorption along the intervening segment.
To determine whether the variation in net potassium move-
ment along the medullary collecting duct was greater among
animals than within an individual animal, within any group, we
examined the slopes of paired collections by analysis of vari-
ance [17].
Values are expressed as the means SEM, except where
stated otherwise.
Results
The values of plasma potassium and whole kidney function of
the left experimental kidney of each group of animals are shown
in Table 1. Because each parameter remained constant during
consecutive urine collection periods (except for fractional ex-
cretion of potassium (FEK and UKV). computed values repre-
sent the average of all periods. FEK and UKV increased
progressively after the initiation of the infusion of potassium
chloride (groups 2 and 4) until about the second hour of the
study. The values of FEK and UKV shown in Table I for each
group represent the period 120 to 240 mm after the st'art of
infusion.
The plasma potassium value of 4.8 0.3 mEq/liter in
potassium-adapted rats (group 3) was statistically greater than
the concentration of 3.9 0.1 in nonadapted animals (group 1),
P < 0.005. During the acute infusion of potassium chloride.
however, the concentrations of 6.1 0.3 in group 2 and 6.6
0.2 mEq/liter in group 4 were not statistically different. Al-
though the clearance of inulin (C1) was similar in groups I and 3
during infusion of 0.15 M sodium chloride, C was higher in
adapted animals (group 4) than in nonadapted (group 2) during
infusion of 0.5 M potassium chloride (P < 0.05). As previously
reported, the infusion of potassium chloride caused an increase
ii urine flow rate (V) in both adapted and nonadapted animals
[1]. In nonadapted animals, V rose from 2.1 0.2 in group Ito
4.2 0.3 pJ/min per 100 g of body wt in group 2 (P < 0.05). In
animals fed a high potassium diet, V increased during potassium
chloride infusion from 4.6 0.1 in group 3 to 6.9 0.4 ji.I/min
per 100 g of body wt in group 4 (P < 0.05).
The urinary excretion of potassium, shown in Table I. was
comparable to the concentrations previously observed under
the same conditions in experiments where clearance techniques
alone were used [1]. In nonadapted animals, FEK increased
markedly from the basal level of 14.8 2.5 in group I to 45.6
4.1% during acute infusion of potassium chloride (group 2).
whereas in potassium-adapted animals, the high basal concen-
tration of 69.0 5.0% in group 3 did not change significantly
during infusion of potassium chloride (group 4). The accelerated
rate of total whole kidney potassium excretion in animals
adapted to high chronic loads of potassium was again apparent
during the acute infusion of potassium chloride. The urinary
excretion of potassium in adapted animals (group 4) of 1847
129 nEq/min per 100 g of body wt was nearly twofold greater
than the concentration in nonadapted rats (group 2) of 1003 69
(P < 0.05).
Re-collection of tubular fluid samples with the microcatheter.
To determine whether the collection of tubular fluid samples
with the microcatheter altered water and electrolyte transport
Body wt, g
Plasma potassium, rnEq/liter
C1,,, p.1/minIlOO g body wi
V, pJ/min/100 g body wt
Uosm, mOsm/kg H20
FEa, %
FEK, %
UKV, nEq/min/100 g body wi
253
6.1 0.3"295 l6
4.2 0.3"
834 34"
0.6 0.1
45.6 4.1"
1003 69"
240
4.8 0.3
374
4.6± 0.1
985
1.5 0.3
69.0 5.0
1072 94
292 49
6.6 0.2"
414 22
6.9 0.4"
782 22"
0.6 0.1"
62.6 6.3'
1874 129"'
in more proximal portions of the collecting duct system and to
assess variability of the method, we performed re-collection
studies in nonadapted animals during the infusion of 0.5 M
potassium chloride (group 2). In this experiment, samples of
collecting duct fluid obtained through the same duct of Bellini
were obtained before and after a urine sample was obtained
from the ureteral well.
Figure 1 shows the initial and re-collected values of 12 pairs
of collections obtained from 6 animals where the site of re-
collection was within 1 mm of the initial collection site. Inspec-
tion shows the TF/P1 and TF/P 1K/In] values were evenly
distributed along the line of identity. Paired analysis revealed
no statistical difference between mean values of TF/P1 (60
6.3 initial, vs. 55.7 4.7 re-collected) or TF/P [K/In] (0.25
0.02 initial, vs. 0.26 0.02 re-collected).
Potassium movement in medullary collecting duct. Net po-
tassium movement along the medullary collecting duct was
computed from paired samples of tubular fluid, collected from a
site within the duct and at the orifice of the duct of Bellini. The
mean values for each group of animals are shown in Table 2,
and individual data are provided in Fig. 2. Tn animals in group I,
the slope of 0.04 0.04 U was not statistically different from
zero by the x2 test (P < 0.05). In this group, net secretion was
observed in 60% of the 57 paired samples, whereas net absorp-
tion occurred in the remaining 40%. In nonadapted animals,
studied under basal conditions, therefore, urinary potassium
was apparently derived from filtered potassium and/or potassi-
um secreted in the distal tubule, and possibly the cortical
collecting duct. After the induction of a strong stimulus for
secretion, infusing potassium chloride, there was a marked
increase in net potassium secretion by the medullary collecting
duct in animals in group 2. In this group, net fractional secretion
was 0.28 0.05 U, a value that was statistically different from
zero (P < 0.001). Because urinary fractional excretion of
potassium in group 2 was 45% (Table 1), the secretion of 28% of
the filtered load of potassium by the medullary collecting duct
indicated a contribution of approximately one half of urinary
potassium.
In rats on a high potassium diet, potassium was secreted by
the medullary collecting duct under basal conditions (group 3).
and the slope of net secretion was 0,31 0.07 U, a value
statistically different from zero (P < 0.001). During infusion of
potassium chloride in adapted animals (group 4), the fractional
addition of potassium to tubular fluid was 0.48 0.11 U (P <
0.001, compared with zero), indicating that the rnedullary
collecting duct made a substantial contribution to urinary
potassium. It should be noted that by analysis of variance the
variation among animals was not different than the variation
within individual kidneys in either control or experimental
animals during potassium chloride infusion.
Analysis of net movement of potassium along the medullary
collecting duct was also computed from pooled data in each of
the four groups, and the data are shown in Fig. 3. In groups I
and 3, the correlation between fractional delivery of potassium
along the duct relative to length of the medullary collecting duct
was not statistically significant in either group, and a line of best
fit was not constructed. This lack of statistical correlation was
apparently accounted for by the greater variation encountered
in the analysis of pooled data compared to that of paired
samples.
During infusion of potassium chloride, net potassium secre-
tion by the medullary collecting duct was demonstrable in both
group 2 and animals on a high potassium diet (group 4), as
shown in Fig. 3. Because the expression FEK TF/orifice reflects
the difference in the fraction of filtered potassium delivered to
sites along the medullary collecting duct relative to that of
urine, the intercept of 0.5 at x = 0, the corticomedullary
junction, indicated that fractional delivery of potassium in-
creased twofold between the beginning of the medullary collect-
ing duct and final urine in both group 2 and group 4 animals.
Furthermore, because the absolute rate of potassium excretion
of 1847 129 p,Eq/min per 100 g of body wt in group 4 was
twice the rate of 1003 69 in group 2, these data demonstrate
that absolute potassium secretion by the medullary collecting
duct was twofold greater in animals adapted to a potassium-
enriched diet. On the basis of the UKV values, and the intercept
of the regression lines at x = 0 and x = 100, the amount of
potassium secreted by the medullary collecting duct averaged
502 75 nEq/rnin per 100 g of' body wt in group 2 and 1072
160 in group 4. 'l'hese data obtained from pooled data, regarding
the relative contribution of the medullary collecting duct to
potassium in final urine, are in general agreement with the
results obtained from analysis of the paired samples.
It should be noted that in analysis of paired data, fractional
delivery at x — 0, the beginning of the medullary collecting
duct, was estimated by extrapolation of the mean slope. Due to
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Table 1. Data from left experimental kidney in control and potassium-adapted animals during infusion of 0.15 M sodium chloride and 0.5 M
potassium chloride
Group I Group 2 Group 3 Group 4
0.15 M NaC! 0.5 M KCI 0.15 M NaCI 0.5 M KCI
(N=9) (N= II) (N=7) (N= 11)
264
3.9± 0.1
353
2.! 0.2
1097 67
0.6 0.1
14.8 2.5
179
Values are means SEM. N is the number of animals studied.
"P <0.05, in the comparison of group I vs. group 2 and group 3 vs. group 4.
'P < 0.05, in the comparison of group 2 vs. group 4.
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Fig. 1. TF/P inulin and TF/P 1K/In]
obtained in 12 pairs of initial and re-
collected samples of collection duct
fluid, illustrated with the line of identity.
.
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TF/P [K/In] (recollection)
.500
No. of Net movement of
Group observations potassium in MCD
57
Table 2. Net movement ofpotassium in medullary collecting duct
(MCD) in control and potassium-loaded animals, determined from
paired samples
difference in net delivery of water or potassium in individual
ducts. These data are in agreement with results previously
reported [181. Because alterations in tubular function due to
partial obstruction, if they were to occur, could have been
transient during catheter placement and the technique, as used,
could not establish that the catheter tip was always placed inI
3 43 exactly the same branch of the collecting duct, it should be
2 45 noted that Sonnenberg and Chong have recently reported that
4 similar values of fractional delivery were obtained from the
same site when samples were collected by microcatheterization
and micropuncture [19]. Furthermore, convincing data that
a Net movement of potassium was determined from paired samples
using the equation TF/P [K/1n]/x, where x is the fraction of the
total length of the medullary collection duct studied in individual
collections.
- .
Significantly different troni zero, using the test.
tubular damage and obstruction of flow do not importantly alter
collecting duct function has been previously reported by Son-
.
nenberg [201. Moreover, this techntque avoided problems of
nephron heterogeneity between outer and inner nephron popu-
lations because the long arcade system draining inner cortical
the experimental scatter of data, that value was regarded as nephrons joins the short collecting ducts draining superficial
providing only an approximate estimate. But, the results clearly nephrons prior to passing into the medulla [16, 20].
indicate that, first, fractional secretion of potassium increased In control animals, there was no evidence of net transport of
significantly in animals in which a strong stimulus for secretion potassium under basal conditions. The previous study by
was induced, and, second, the absolute rate of secretion was Bengele, McNamara, and Alexander [13], which reported net
increased in adapted animals compared with nonadapted con- secretion of potassium by the medullary collecting duct in
trols. control animals, is probably explained by a higher dietary load
Discussion
of potassium in their animals because the rate of fractional
excretion was nearly double the present rate. During infusion of
The present study was performed to determine whether the potassium chloride to controls in the present study, howev-
potassium secretion by the medullary collecting duct signifi- er, potassium secretion promptly occurred, and accounted for
cantly influences urinary potassium excretion in controls and roughly one half of potassium excreted into final urine. Because
potassium-loaded animals before and after the acute infusion of induction of a strong stimulus for secretion resulted in a fivefold
potassium chloride. The major findings of this study center on increase in absolute potassium excretion, these data also imply
the demonstration that potassium secretion by cells lining the a marked rise in the rate of potassium secretion by other
medullary collecting duct may contribute nearly one half of the segments of the distal nephron as well and are in agreement
urinary potassium when a strong stimulus for secretion is with micropuncture studies of the distal tubule under similar
imposed, and the finding of an increased absolute secretion in conditions [2, 3].
animals pretreated with a large potassium intake. These data Previous studies have attempted to analyze the contribution
suggest, therefore, that the occurrence of potassium secretion of the collecting duct system to urinary potassium in control
in the medullary collecting duct, as well as the rate of secretion, animals during potassium chloride infusion by comparing the
is influenced by the excretory load of potassium. It seems fractional delivery of potassium to the late distal tubule with
unlikely that the observed changes in net electrolyte transport urinary fractional excretion rates [3, 4]. In these studies, no
along the medullary collecting duct were influenced by damage significant further addition of potassium beyond the distal
or functional alterations in more proximal portions of the tubule was found. It should be noted, however, that in one of
collecting duct system, owing to a partial obstruction front these reports fractional potassium excretion inexplicitly failed
catheter placement, because recollection studies showed rio to rise above control during potassium infusion [4]. In the other
4O 60 80
Medullary collecting duct length, %
Fig. 2. Upper panel Fraction of filtered potassium, TF/P 1K/In], present ai sites along the MCD and orfiee in control group 1, and potassium-
adapted animals, (group 3), during infusion of 0.15 to sodium chloride. Individual paired samples are connected by a line and the heavy line
represenis the average slope. Lower panel The same values, as in the upper panel, for control (group 2). animals and potassium-adapted animals,
(group 4), during infusion of 0.5 M potassium chloride,
report, the renal handling of potassium was examined during
mannitol diuresis [3], a condition reported to reduce the addi-
tion of potassium to tubular fluid beyond the late distal tubule
[7]. This microanalytical method for assessing potassium trans-
port in the collecting duct system, however, provides only
tentative inferences because, as reviewed by Wright and Gie-
bisch [22], the delivery rates between the two sites could be
influenced by different contributions from superficial and deep
nephrons and, in addition, does not account for possible
differences in function between cortical and medullary portions
of the collecting duct.
After chronic administration of a potassium-rich diet, which
increased the excretory load fivefold, on the basis of excretory
rates, net potassium secretion by the medullary collecting duct
was demonstrated under basal conditions. As in control animals
during potassium chloride infusion, these data also implicate an
increase in the rate of potassium secretion by cortical portions
of the distal nephron. Infusion of potassium chloride to the
experimental group resulted in a doubling of urinary potassium
excretion and in the absolute secretion of potassium by the
medullary collecting duct compared with control animals treat-
ed in a similar way. Chronic pretreatment with a high potassium
duct, therefore, was associated with an increased capacity for
potassium secretion by the medullary collecting duct. Because
both acute and chronic increases in the excretory load of
potassium resulted in a marked contribution by the medullary
collecting duct to urinary potassium, these data indicate that the
terminal portion of the nephron has an important role in
modulating the rate of potassium excretion.
The present study, conducted under free-flow conditions,
indicates the relative contribution of the medullary collecting
duct to urinary potassium in animals adapted to a high potassi-
um intake but does not provide an explanation for the increased
rate of potassium secretion. Because plasma levels of potassi-
um were not statistically different between control and experi-
mental animals during potassium chloride infusion, it seems
unlikely that extracellular fluid concentration of potassium was
the primary determinant. In addition, it seems unlikely that the
higher GFR in group 4 animals accounted for the increased rate
of urinary potassium excretion compared to group 2. Previous
studies have shown that during potassium chloride infusion,
potassium excretion in control and potassium-loaded animals
were comparable to the concentrations observed in this experi-
ment, in the absence of a difference in filtration rate [1].
These data however, are consistent with the possibility that
potassium secretion in the medullary collecting duct was flow
dependent and, therefore, during the infusion of potassium
chloride was enhanced by a rise in tubular fluid flow rate. In
group 4, the urinary flow rate was 50% greater than it was in
group 2. Previous studies, however, have demonstrated that the
relationship between potassium secretion and tubular fluid flow
rate in distal tubule is dependent on the condition of the
potassium secretory mechanism [23]. In normal animals and
potassium-loaded animals, potassium secretion increased dur-
ing increases in flow rate, and tubular fluid potassium concen-
tration remained relatively constant. in contrast, in potassium-
depleted animals, potassium secretion was blunted in the distal
tubule following a rise in flow rate, and flow rate and tubular
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fluid potassium concentration correlated inversely. A similar
relationship may exist in the medullary collecting duct. Al-
though absolute potassium excretion does not increase water
diuresis in normal subjects [24], in the present study there was a
direct correlation between urinary flow rate and potassium
secretion in controls and potassium-loaded animals during the
acute infusion of potassium chloride. These data suggest.
therefore, that the rate of potassium secretion by medullary
collecting duct cells may be gradient limited, and therefore flow
dependent, when the potassium pump is stimulated to secrete
potassium.
The present study provides no direct insight into the possibili-
ty that cellular adaptation of collecting duct cells was wholly, or
partly, responsible for the increased rate of potassium secretion.
in animals pretreated with a high potassium diet. It is of
interest, however, that a recent report demonstrated that the
rise in potassium secretion in the colon of potassium-loaded
animals was linked to an increase in Na-K-ATPase activity [251,
The change in enzyme activity correlated with an absolute
increase in number of Na-K-ATPase units in the cell membrane
[261, which was due, at least in part, to an amplification of the
area of basolateral cell membrane [27]. It seems likely, there-
fore, that in the colon, chronic potassium loading induces a
cellular adaptive mechanism to increase the rate of potassium
secretion via a process dependent upon an increase in the
number of potassium pumps in basolateral cell membrane. A
similar process may also occur in the collecting duct system of
the kidney. Doucet and Katz have reported a several-fold rise in
Na-K-ATPase activity in cortical and outer medullary collect-
ing duct in the mouse after chronic potassium loading [28], and
an increase in the area of basolateral cell membrane has been
demonstrated in principal cells of outer medullary collecting
duct of the rat after chronic potassium loading [29].
In summary, the results of this study demonstrate that the
medullary collecting duct is characterized by the capacil.y to
markedly influence urinary potassium excretion by potassium
secretion. In addition, this nephron segment contributes, along
with other portions of the distal nephron, to the increased rate
of urinary potassium excretion exhibited by animals pretreated
with chronic potassium loading.
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